Total organic carbon (TOC) can be one of the parameters used to determine trophic state in lakes, as shown by the statistically significant correlation between TOC and chlorophyll, total phosphorus and Secchi disk transparency. Calculation of the TSI index based on TOC according to the formula TSI(TOC) = 20.59 + 15.71 ln(TOC) and its introduction as an additional index to the classification by Carlson may optimize the comparative analysis of lakes and allow a measurable assessment of lakes with respect to the trophic gradient.
INTRODUCTION
The most frequently used trophic state indexes are concentrations of nutrients (total phosphorus (TP) and total nitrogen (TN)) and chlorophyll (Chl), measured in summer, as well as Secchi disk transparency (SD) (Carpenter et al. 1998; Häkanson, Boulion 2001; Hillbricht-Ilkowska, Kajak 1986; Nürnberg 2001; Nürnberg, Shaw 1998; OECD 1982;  * e-mail: julitad@uwm.edu.pl Zdanowski 1983) . Carlson (1977) and Kratzer with Brezonik (1981) proposed replacing the absolute values of these indexes with a common classification using points in the range from 0 to 100 (TSITrophic State Index). This approach enabled comparative analyses of the indexes.
Trophic state is defined as the total weight of living biomass in a water body at a specific location and time. It is understood to be the biological response to forcing factors such as nutrient additions, but the effect of nutrients can be modified by factors such as season, grazing, mixing depth etc. (Carlson, Simpson 1996) .
The main element regulating phytoplankton production in most lakes is phosphorus (Häkanson, Boulion 2001; Vollenweider 1976; Zdanowski 1982) . However, its limiting role in primary production can only be discussed if lake eutrophication is not advanced. Increased environmental pollution from anthropogenic activity and the consequent elevated phosphorus input reduces its limiting role. Instead, the limiting factors become nitrogen, light conditions, or the quantity and quality of organic matter (Dunalska 2009; Elser et al. 1990; Matthews et al. 2002; McCauley et al. 1989) . Therefore, organic matter, expressed as total organic carbon (TOC) or its forms (DOC and POC), can be used as an important indicator of lake productivity (Chróst, Siuda 2006; Dunalska 2009; Hanson et al. 2004; Kalff 2002; Thruman 1986; Wetzel 1992) .
The goal of this study was to verify the hypothesis that in clear water lakes TOC content correlates with SD as well as Chl, TP and TN content. Positive verification of this hypothesis would support the use of organic carbon as an index in comparative analyses of the trophic condition of multiple lakes. Additionally, the Carlson classification (1977) extended with an index based on TOC would be useful in assessing metabolism in lake ecosystems.
MATERIALS AND METHODS
The selected lakes, characterized by biotic and abiotic diversity, represent degradation processes of varying intensities. The study included 14 deep, clear water (not dystrophic) lakes that stratify in summer. Three lakes (Licheńskie, Mikorzyńskie and Ślesińskie) are under anthropogenic influence since they function as part of a power plant's cooling system. The other lakes (Mielno, Maróz, Święte, Łańskie, Dejguny, Hańcza, Wigry, Wymój, Sarąg, Łęguty, and Isąg) are located in northeastern Poland and remain unaffected by human activities (Dunalska 2009 ). The studies were conducted in two and five year series, in 2000 through 2007. Water samples were taken in summer (June-September) from the surface layers overlying the deepest spots in the lakes. The ground work for a thorough study was laid by having the same team conduct the water sampling and analysis, by examining a wide variety of lakes over long periods of time, and by examining a high number of samples (91).
Water transparency was determined with a Secchi disk. Total phosphorus (TP) was determined according to Standard Methods (1999). Colorimetric analyses were conducted on a Shimadzu UV 1601 spectrophotometer. Chlorophyll a was marked by spectrophotometry with correction for pheopigments (PN-86/C-05560/02). Total organic carbon (TOC) concentration was determined in unfiltered samples via high-temperature combustion (HTC) using a Schimadzu TOC 5000 analyzer (Dunalska 2009 ).
RESULTS AND DISCUSSION
The original Secchi depth equation Carlson (1977) was constructed from doublings and halvings of Secchi disk transparency. The base index value was a Secchi disk of 1 meter, the logarithm of which is zero. Therefore, the TSI of a 1 m Secchi depth is 60. The indexes for the Chl and TP were derived in a similar manner, but instead of Secchi depth value in the numerator, the empirical relationship between Chl or TP and SD was given (Carlson, Simpson 1996) . A similar relationship was used to calculate TSI using the TOC index. In order to determine the relationship between TOC concentration and Secchi disk transparency for the obtained data series the least squares linear regression was used:
The obtained correlation coefficient R 2 = 0.539 shows that the SD and TOC variables at n = 91 are statistically correlated and can be used in Carlson's equation (1977) . Equation (1) was then transformed by taking the natural logarithm of both sides to produce: ln = 2.73 − 1.089 ln (2) Equation (2) was then substituted for ln SD in Carlson's equation (1977):
From (2) and (3) A statistically significant relationship was also found for the dependence between TOC and TP (R 2 = 0.581) or Chl (R 2 = 0.523). No significant relationship was found for TOC and TN (R 2 = 0.156, n = 91, p<0.05). Similar correlations were found by Nürnberg and Shaw (1998) , (DOC and TP -R 2 = 0.24, n = 207, p<0.0001, DOC and Chl -R 2 = 0.20, n = 188, p<0.000), Häkanson (1995) , (DOC and TP -R 2 = 0.40, n = 67, p<0.0001), and Minor et al. 2006 (DOC and Chl -r = 0.73, n = 12) . Chróst and Siuda (2006) report a significant relationship between DOC and TSI (R 2 = 0.88, n = 217, p<0.0001). The statistically significant relationship between TOC and the indexes proposed by Carlson (1977) confirms that TOC can be an index describing the trophic condition of lakes. The TSI values for the individual parameters are shown in Table 1 .
Analyzed only with regard to the trophic status classification by Carlson (1977) the examined lakes revealed a high variability with respect to the size of the individual TSI indexes. In all examined lakes the highest TSI values were observed for TP whereas the lowest values were observed for transparency. The indexes in Lake Isąg varied by 12% whereas in Lake Hańcza they varied by 43% (Table 2) . Such high variability hinders proper recognition of a trophic state. Using the TSITOC the lakes can be classified properly, which was confirmed using the data included in extensive literature on the analyzed lakes (Górniak 2006 , Pyka et al. 2007 , Zdanowski et al. 2006 . Combination of the TOC index with the Carlson classification (1977) would allow quantitative assessment of lakes with regard to their trophic status and provide an additional tool for assessing lake ecosystem metabolism.
TSITOC used together with other Carlson's indexes can be very practical for making comparative analyses of lakes situated in a given area or for assessing short-and long-term changes in the trophic condition. As such, it should be included in the Lake Monitoring System. The results presented in this paper will be verified during the studies of numerous lakes in northeastern Poland and throughout the world. 
